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INTRODUCTION 
The need for an alternative to hand harvesting of strawberries has 
been apparent for several years, due both to cost and lack of labor, to 
prevent pricing them off the market. Stang (56) recently reviewed approach-
es for mechanically harvesting strawberries. Although working models have 
been developed, a number of problems must be solved before mechanical 
strawberry harvesters become of widespread practical use. 
Mechanical harvesting must consider both plant characteristics and 
cultural practices. Cultural practices can be altered, within certain 
limitations, to accommodate machinery. The plant breeder can vary plant 
characteristics to adapt to machinery, but a number of years elapse before 
new clones can be developed and evaluated. 
One of the problems with which the plant breeder is faced is develop-
ing a fruit that will withstand the squeezing, puncturing, bouncing, and 
rolling of the mechanical harvest operation and yet be of suitable texture. 
Since other plant characters must also be considered during breeding and 
selection, a number of years would elapse before suitable clones could be 
developed. Certain practices might alter the physiology of existing clones 
to advantage until desirable clones can be developed by breeding. 
The primary objective of this work was to evaluate the influence of 
some calcium spray treatments on the firming of strawberry fruit texture. 
A second objective was to examine objective measurement of fruit firmness 
with mechanical devices compared to subjective evaluation by the breeder 
in the field. 
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This study consists of a greenhouse experiment and a field experiment. 
The effects of three different calcium compounds at two concentrations 
upon four different clones are compared in the greenhouse experiment. In 
the field experiment, the effects of two calcium compounds at three con-
centrations are compared for different harvest dates. 
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REVIEW OF THE LITERATURE 
Breeders typically evaluate strawberry fruit texture in the field by 
rubbing or biting the fruit and subjectively rating it. While this method 
provides some indication of firmness, it lacks precision. 
Morris has been credited with the first steps in 1917 toward devel-
oping instrumentation for measuring kinesthetic characteristics (26,37). 
He used a marble, partially embedded in paraffin and resting on a spring 
scale, to measure the force required to press the marble into the side of 
an apple. Many instruments of varying precision and sophistication have 
been developed to measure kinesthetic properties by determining the resist-
ance to force offered to the test material (8,9,11,12,17,18,19,21,26,27,28, 
29,34,37,47,51,52,53,58). The food industry uses such instruments to pre-
dict such things as optimum harvest dates, soaking and cooking times and 
temperatures, fill weights, blending proportions, stage of maturity or 
ripeness, degree of fibrousness, and succulence (37). 
The earlier instruments provided only a reading of the maximum force 
exerted on the test sample. Devices on modern instruments record time-
force-distance curves, providing more information about textural charac-
teristics of test materials (36,37). 
Hindman and Burr (30) have described the construction and operating 
characteristics of the Instron Universal Testing Machine. It can be used 
to measure both compressive and tensile properties of materials (5,6,30, 
47). Batal et al. (1) used the machine to determine mechanical properties 
of tomato skin. Ourecky and Bourne (47) used it to measure skin toughness 
and flesh firmness of 64 cultivars of strawberries. Bourne~ a1. (6) 
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stated, "Briefly, the machine consists of two parts: a) the drive mechan-
ism, which drives a crosshead in a vertical direction by means of twin 
lead screws at selected speeds in the range of 0.05 to SO em/min; and 
b) the load-sensing and recording system which consists of electric bonded-
wire strain gauges whose output is fed to a strip-chart recorder, a sensi-
tivity selector switch and five different load cells make it possible to 
obtain full-scale deflection of the recorder pen over the load range 2 g 
to 5,000 kg. The time axis of the chart is either a direct measure of or 
a simple multiple of the movement of the crosshead, depending upon the 
change gears used." The working parts of a number of texture-measuring 
devices, including the standard test cell of the L.E.E.-Kramer shear press 
have been adapted to the machine and used (6). 
Kramer and Twigg (37) developed the shear press to provide a versa-
tile, precise, portable instrument which could be easily standardized. 
Kramer et al. (39) have described the shear press as consisting primarily 
of five main parts: (i) a suitable test cell, (ii) a test cylinder which 
through a suitable gauge measures the force applied, (iii) a power cylinder 
to provide the actuating force, (iv) a control valve to determine the direc-
tion of travel of the test cylinder, and (v) an electrically operated pump 
as a source of hydraulic power. Operation of the machine has been described 
(39,40). By using different test cells, all kinesthetic measurements re-
quiring the application of force, such as pressure, cutting, shearing, and 
penetrating of a variety of foods, can be accomplished with the one power 
unit. Sistrunk and Moore (53) have used the machine in strawberry firmness 
evaluations. Kramer and Twigg (38) have given recommendations for its use 
in ripeness evaluations. 
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A number of extrinsic and intrinsic factors may be interrelated in 
determining the firmness or texture of any fruit. A study such as this, 
designed to evaluate the influence of certain treatments on firmness of 
the fruit, must consider such factors. 
An increase in firmness with a decrease in temperature led early 
workers (29,51) to recommend precooling of strawberries prior to railroad 
shipment. Ourecky and Bourne (47) noted significant decreases in fruit 
firmness and skin toughness with increasing temperature. The greatest 
change occurred at 35-50° F, while the least change appeared at 95-110° F. 
0 
At 65-95 F, the most likely temperature range at harvest, they found sig-
nificant changes. 
Strawberry fruit has been shown to be consistently softer after rain 
(53) and later in the season (10,34,53). Sistrunk and Moore (53) observed 
a decrease in firmness with a delay in harvest, regardless of variety or 
treatment conditions. 
Burkhart (8) reported that sun-ripened strawberries were firmer than 
those ripened in the shade. In studying the effects of shading upon fruit 
firmness, Sistrunk and Moore (53) observed greater firmness in shade-ripened 
strawberries. 
In 1928, Clark (9) suggested that soil type and state of fertility, 
along with seasonal conditions, might affect relative fruit firmness of 
strawberries. Later investigators, working only with nitrogen, phosphorus, 
and potassium nutrition, found no significant differences associated with 
different fertilizer treatments (10,12,28,58). Haut et al. (28) suggested 
that nitrogen applications could result in larger fruit, indirectly contrib-
uting to decreased fruit firmness. Shoemaker and Greve (52) noted softer 
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berries from plots receiving nitrogen application. Testing only the 
effects of nitrogen, Webster and Gray (58) applied up to 2000 pounds per 
acre without significantly altering firmness. 
Clonal differences in fruit firmness and other textural characteris-
tics are apparent. The exact inheritance of the firm quality apparently 
has not been defined, although it has been included in the breeding pro-
grams of some workers (16,41,46,53). 
Maturity and ripeness have been used interchangeably in the literature 
to describe the stage of fruit development. The words are difficult to 
define and have been used in var~ous ways. Kramer (35) defines them "as 
the stage of development of the organism or that part of the organism that 
is used as food." He further states, "The two terms are defined in the 
same way, except that maturity is used for vegetables such as peas, beans, 
and corn, where an immature stage is desirable, while ripeness is used for 
fruits, such as peaches, apricots, or tomatoes, where a fully ripe condition 
is desirable." Still, the determination of maturity or ripeness depends 
heavily upon the individual evaluator's subjective determinations. Despite 
varying interpretations about ripeness, a significant difference in firm-
ness between ripe and unripe strawberries has been shown (11,31,44,47). 
Most workers apparently have used fruit size to mean berry weight. 
Janick (33a) attempted to find a satisfactory process for determining 
strawberry fruit size and found the average berry weight to be the most 
precise parameter for predicting the number of berries per quart. Most 
research has confirmed that as berry size increases, firmness decreases 
(12,15,47). Ourecky and Bourne (47) and Darrow (12) recorded a significant 
difference in firmness between small and medium fruits, but Ourecky and 
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Bourne noted no significant difference between medium and large fruits. 
Discussing the influence of fruit size upon the firmness of apples and 
pears, Haller (26) cited examples emphasizing that whether size increases 
or decreases firmness may depend upon the cause of the difference in size. 
Denisen and Buchele (15) noted less injury to smaller berries than to larg-
er ones by a harvesting machine and surmised that as fruit size increased 
there would be greater likelihood of damage to the fruit by the harvester. 
Haller~ al. (27) observed a direct correlation between dry weight 
and firmness of fully ripe strawberries. They noted a relatively low but 
variable amount of dry matter, in the range of 7 to 12%, and observed 
decreases in firmness and dry weight as they compared firm, medium firm, 
and soft berries of similar size. They assumed that the amount of solids 
was responsible for firmness and a high water content might dilute the 
solids, causing softer fruit. Darrow (12) concluded that the higher dry 
weight of smaller berries correlated with their higher pressure-test values. 
Strawberry fruits have been classified into three groups according to 
flesh and core characteristics, which influence flesh firmness readings 
(47). Those with a distinct, fibrous core give higher pressure readings 
indicating increased fruit firmness. Those with a hollow core area provide 
lower pressure readings indicating decreased firmness. Fruit with a uni-
form flesh and core area show intermediate readings. 
There have been indications that resistance of the fruit to penetra-
tion by a probe is dependent upon toughness of the epidermis (47,51). 
Ourecky and Bourne (47) observed a positive correlation between skin tough-
ness and flesh firmness. 
Some workers (16) have advanced the idea that the resilience of the 
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berry might be an important parameter to consider with regard to bruising 
resistance during harvest. 
Varying numbers of achenes per fruit have been reported for different 
varieties, but in all cases the number of achenes per berry decreases from 
the primary through quaternary fruit (14). Darrow (13) observed a slight-
ly lower percentage of achenes to total weight in the primary berries, 
even though the total number of achenes was larger, because they were 
spaced farther apart. According to Green (25), Abbot and Webb found a 
high correlation between fresh berry weight and the number and spacing of 
achenes. They were able to use achene-spacing measurements to calculate 
shortages in yield due to less than maximum receptacle development by dis-
tinguishing fruit that was inherently small from fruit that was small 
because of unfavorable conditions. In several varieties, Darrow (13) 
observed a weight range of 0.031-0.102 g per 100 achenes and an average 
weight of 0.58 g per 100 achenes. Only a small amount of the solid matter 
has been attributed to the achenes (13,25). The effects of achene size, 
spacing, or orientation upon prevention of bruising apparently have not 
been considered in the literature. Such consideration in a breeding pro-
gram would probably receive low priority. 
The biochemistry and physiology of fruit maturation and ripening is 
not yet completely understood. The literature is voluminous, but Hulme 
has made it approachable in his two volumes (31,32). It is well known that, 
as a fruit ripens, the cell walls pull apart leading to a softening of the 
texture through tissue breakdown. It has not yet been determined exactly 
how the cells are bound together, although there are a number of theories 
(22). Many workers concur that perhaps calcium ions function in binding 
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the cell walls, synthesizing cell wall material, and maintaining membranes 
(20,22,61). Recent research has shown calcium effective in preventing 
tissue breakdown (48,49) and adding to tissue strength (43,50,57). Calcium 
salts have been used in food processing for firming products and improving 
texture (31,32). 
Neal (44) observed the major change during ripening of strawberry 
fruits to occur as the parenchyma cells of the cortex enlarged and sepa-
rated from each other. He hypothesized that the middle lamella separated 
due to a change in ionic stabilization. Using EDTA to separate cells and 
soften tissue of mature fruits, he then refirmed the tissue with solutions 
of the divalent cations, copper, magnesium, and calcium. Resoftening with 
EDTA followed the same course and he concluded that the structure of the 
refirmed tissue was similar to that of the original tissue. Solutions of 
the monovalent cations, sodium and potassium, did not refirm the tissue. 
Texture of unripe fruit samples was not detectably altered by treating with 
divalent cations, except with copper which hardened tissues at all stages. 
Culpepper et al. (11) noted a decrease in firmness of strawberries, as 
measured by resistance to puncture, throughout the whole period of develop-
ment and ripening. The most rapid change in firmness occurred as the fruit 
passed from the white stage to ripeness. Woodward (60) determined the 
white stage to be the point at which the physiology of the strawberry fruit 
converts to the ripening process. 
Plants have been shown to absorb nutrients, including calcium, through 
their roots, leaves, and fruits (3,7,45). The translocation of other 
nutrients in the phloem has been demonstrated, but calcium appears immobile 
in the phloem (2,4,7,20). Once it has been deposited in an organ through 
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the transpiration stream or by absorption, it appears not to be trans-
locatable (20,31). Bukovac and Wittwer (7) observed appreciable transport 
of radioactive ca45 from the site of application on a bean leaf into adja-
cent tissue in that leaf, but negligible transport out of the leaf. 
45 
Biddulph et al. (2) saw indications that a small amount of Ca moved from 
bean leaves by way of the xylem. From the roots, Norton and Wittwer (45) 
45 
traced the movement of radioactive Ca to all above ground parts, includ-
ing fruits, of strawberry plants. Although there was foliar absorption of 
the ca45 , there was negligible translocation from the strawberry leaves. 
Bledsoe et ~· (3) separated the rooting and fruiting zones of peanut 
plants and observed the absorption and translocation behavior of radioac-
. c 45 1. d . h t~ve a app ~e ~n t ese separate areas. Within three hours of root 
45 
applications, they noted Ca in all vegetative parts of the plant; however, 
45 only the very youngest fruiting stages accumulated Ca There appeared to 
b d d . f c 45 1 . f h . . e a ecrease capac~ty o a accumu at~on rom t e transp~rat~on stream 
after a definite point in fruit development. All parts of the peanut fruit 
showed vary active absorption of ca
45 
when it was supplied to the fruiting 
zone and much more was absorbed than when it was supplied to the rooting 
zone only. The immobility of calcium to translocation explains the pattern 
of development of foliar deficiency symptoms appearing in young leaves and 
growing points (20,42). 
Epstein (20) has described the developing fruit as a physiological or 
metabolic sink because of its ability to preferentially accumulate nutri-
ents and actually attract them from other parts of the plant even if trans-
location is reversed to accomplish this. Demonstrating this sink action in 
the strawberry fruit, radioactive ions injected into the peduncle or applied 
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to the fruit surface have been traced through the developing receptacle, 
but not out of it. Examination of the peduncle did not reveal polarity of 
ion transport (4). Since calcium is imroobile and cannot be accumulated by 
the sink action, the proportion of calcium to other nutrients within the 
fruit decreases with development. Bollard (4) cites work by Askew in 
which the ratio of K to Ca dropped from 1.5 to 0.6 in apple leaves as the 
season progressed but changed from 8.1 to 34.8 in fruit. At the same time, 
the leaf to fruit ratio changed from 0.8 to 1.6 for potassium and 4.1 to 
90.4 for calcium. Some physiological disorders of fruit, such as blossom-
end rot of tomato (23,24,55), are attributed to calcium deficiencies in 
the fruit indicated by such ratios. The possibility of using foliar sprays 
of calcium to correct such physiological fruit disorders has created inter-
est in searching for carriers to make calcium more mobile or for conditions 
which would increase its mobility (2). 
Spurr (55) has reviewed the problem of blossom-end rot of tomatoes 
through its solution with calcium nutrition amendments. With adequate 
calcium nutrition, Geraldson (23) noted remarkable suppression of the dis-
order. He used nutrient culture, soil pot culture, and field testing of 
soil and spray amendments. Initially, his spraying procedure consisted of 
0.05 M CaC1 2 applied twice weekly. A spray burn developed on the lower 
leaves after 4 to 5 applications so he altered the procedure by decreasing 
to a 0.04 M Cacl2 solution and directing the spray toward the younger 
leaves. Blossom-end rot was controlled with little damage to the plant. 
Probably only the spray which contacted the fruit was effective in con-
trolling the disorder since criteria such as leaf analyses have shown ade-
quate calcium supplies in other plant parts (2,4,7,20). Also, it has been 
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established that calcium is negligibly translocated once it has been 
deposited in an organ from the transpiration stream or by absorption. 
Where blossom-end rot was observed not to be a problem, periodic Cacl 2 
sprays at 5 to 7 day intervals over a 2-month period resulted in a 17% 
reduction in yield, indicating that indiscriminate use of the spray can 
be hazardous (24). Preliminary work indicated that Ca(N03) 2 sprays caused 
blossom drop if substrate calcium levels were low, so they were not used 
in these experiments (23). According to Geraldson (23), a nitrate source 
of nitrogen causes an increased production of organic acids by the plant, 
which increases the calcium requirement. Certain organic acids can immo-
bilize calcium within the plant, making it unavailable for translocation 
or assimilation. 
The successful use of calcium sprays by other workers to control 
blossom-end rot of tomatoes and bitter pit of apples encouraged Eaves and 
Leefe (18) to attempt use of calcium sprays for increasing firmness of 
strawberry fruit, Using plants of the variety 'Sparkle'• they applied four 
0.4% CaC1 2 sprays at 3-day intervals starting at blossom time. The results 
indicated highly significant increases in firmness with the calcium sprays 
at all harvest dates. 
Eaves ~ al. (19) used solutions of 0.4% Cacl2 , 0.6% Ca(N03) 2, and 
25% (FMC) water soluble wax alone and in various combinations with each 
other as sprays on several cultivars of red raspberries to investigate 
effects on firming the fruit for mechanical harvesting. They noted signifi-
cant interactions between cultivars and harvest dates in relation to firm-
ness. Wax sprays resulted in an increase of 12.4% in firmness over unwaxed 
controls when data were pooled across cultivars and harvests. Sprays of 
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calcium salts had no apparent effect upon firmness, although they seemed 
to result in larger sized berries. Wax and Cacl
2 
sprays each reduced the 
amount of fungal rots during short term storage. 
At the East Malling Research Station, four applications of 0.5% 
Ca(N0
3
)
2 
+wetter were sprayed on 'Red Gauntlet' strawberries at intervals 
of 2 to 3 days or at 10-day intervals starting on May 22 (59). Preliminary 
work showed no visual damage to leaves or fruit from sprays of up to 1.0% 
Oa(N03) 2, although plants sprayed early in the season at 2 to 3-day inter-
vals had lower yields. No effects were noted on firmness nor maturation 
rates from these calcium treatments, although rotting increased during 
storage, especially in fruit sprayed at 10-day intervals. 
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MATERIALS AND METHODS 
Greenhouse Experiment 
Plants were obtained at the Iowa State University Horticulture Station 
from the breeding program of Dr. E. L. Denisen. Field notes from 1973 and 
1974 indicated the breeder's subjective firmness evaluation of the five 
seedling clones used in this work. The clones used are shown below with 
their relative firmness ratings and parentages: 
Clone Firmness Parentage 
7-7155 Soft Cyclone X Sunrise 
5-7108 Fairly soft Sparkle x Sunrise 
8-7158 Fairly firm Cyclone x 104-6734 
8-7151 Firm Cyclone X Stoplight 
12-7146 Very firm Surecrop x Stoplight 
Fifty plants of each clone were dug about October 20, 1974. Loose soil 
was shaken from the roots and the plants were placed in plastic bags for 
storage at 32° F. 
On January 23 and 24, 1975, the plants were placed in 5-inch clay pots 
using a soil mixture of equal parts of peat, soil, and perlite. The pots 
were arranged on the greenhouse bench in a split plot design of four repli-
cations. Each replication contained five plots, each consisting of one of 
the clones randomly assigned. Ten plants appeared in each plot. Treatment 
numbers were randomly assigned to plants within plots. All spray treatments 
appeared in each plot and there were four untreated controls per plot. 
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Three reagent grade calcium compounds were mixed with distilled water 
to produce the spray solutions used. All solution concentrations in this 
section are expressed as percent by weight of total material per volume of 
Hereafter, these compounds will be referred to by their simplest formula. 
Each compound was prepared in solutions of 0.2% and 0.4% concentrations 
w/v. No wetting agents were used. Individual Hudson #6440 Handy hand 
pump sprayers were used for applying each compound at each concentration. 
Fruit and foliage were thoroughly sprayed to run-off. 
Spray treatments began on February 22, just after the first blossoms 
opened and were made at 3-day intervals until April 17, a total of 19 
different times. All clones were treated on each date, although the earlier 
maturing clones might have already been harvested, in order to observe 
possible toxic effects and to compare clonal response to the effect of the 
different compounds on the foliage. 
0 Usual daytime temperature in the greenhouse was around 75 F and usual 
0 
night temperature was around 65 F, although considerable variations in 
temperature did occur. The daytime temperature was frequently much higher. 
An attempt was made to provide adequate water without over-watering, espe-
cially important as the berries approached ripeness and would be subject 
to softening with excess water. No supplemental fertilizer was provided 
to the soil mixture. 
As the first berries started to ripen, the peduncles tended to bend 
over the rims of the pots. Supports, consisting of plastic holders designed 
to hold five 3-inch pots for other research purposes, were improvised to 
help prevent peduncle breakage. Breakage normally is not a problem under 
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field conditions, although the peduncles may bend over and lie on the sur-
face of the ground. When placed on their sides, the supports were at the 
same height as the rims of the clay pots. The developing berries were 
placed on the supports and this prevented the peduncles from bending over 
the pot rims. The supports seemed to reflect enough heat to damage berries 
lying directly on them. · To prevent heat damage to berries, a mesh shade 
was pulled over the bench area on cloudless days for a 4 to 5-hour period 
between 10:00 a.m. and 3:00 p.m. during the ripening period. 
Berries were checked daily during the harvest period and were picked 
at the red ripe stages. Early in the harvest period, the author attempted 
to use red ripe color plus the characteristic aroma of the ripe fruit. 
However, allergic nasal irritations caused by inhaling dried stylar tissue 
from the fruit surface precluded use of aroma as a means of determining 
ripeness. Harvests were made on several dates for each clone. All repli-
cations were harvested on the same dates when possible. In some cases, 
the harvest had to be split into two consecutive days because of the time 
involved in examining berries individually for harvest and the time re-
quired for evaluation in the laboratory. Berries were bagged and marked 
individually as they were picked, then taken to an air conditioned labora-
tory for evaluation. Air temperature in the lab was maintained near 70° F. 
An Instron Universal Testing Machine, Model TT-BM, as previously 
described, evaluated fruit textural characteristics in this experiment. 
Each berry was tested individually. The machine's arrangement for measur-
ing tensile strength was easily adapted for pressure testing with a probe. 
In tests of tensile strength, the exerted force pulls the test material 
apart, so adaptation was necessary in order to conduct tests of a compres-
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sive nature. Two problems were encountered. First, it was necessary to 
support the berry during testing. A light weight (10.5 g) device similar 
in design to an analytical balance pan was constructed from aluminum. 
This berry support hung directly from the "A" load cell, used in all tests, 
and swung freely from the hook attachment on the load cell. The "A" cell 
has a load capacity of 500 g so the berry support had to be light weight 
because its weight on the load cell subtracted from the total force which 
would be measurable on the load cell. The berry support device consisted 
of a flat octagonally shaped plate and a wire attached to two sides and 
bent to a point for attachment to the "A" load cell. The plate had four 
opposing sides of 2 em length and four opposing sides of 4.5 em length and 
perpendicular diameters of 6.8 em and 9.4 em. The wire was attached on 
the long diameter of the plate and provided a clearance of 12.4 em between 
the plate and cross support. An aluminum weighing pan contained each 
berry during testing and could be positioned on the plate surface to align 
the berry properly under the probe. The pan was easily moved off the berry 
support for cleaning between tests. Figure 1 diagrams this berry support 
and the probe attachment described in the following paragraphs. 
The second problem was to arrange the probe on the horizontal cross-
head, which is located under the load cell and moves downward away from 
the load cell when the machine operates. A three part device was con-
structed from steel to achieve correct arrangement of the probe so it could 
be directed downward into the berry as the crosshead moved downward. The 
three parts were fastened with bolts for easy disassembling. One part 
attached directly to the crosshead and consisted of a rectangular plate 
26.5 em by 4.5 em with a longitudinai slot 1 em wide running 25 em along 
Berry ~ 
support 
Bolt 
"' 
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~ Attachment to 
load cell 
Bolt 
~ 
Probe support~ 
Attachment to ~--~ ~horizontal crosshead 
Figure 1. Diagram of modification used on an Instron Universal 
Testing Machine for pressure testing strawberries with 
a probe (not to scale) 
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the middle. To this part another rectangular section 17.5 em by 11.5 em 
was bolted through the slot. This second section provided a way to hold 
the probe above the berry to be tested. The aluminum berry support was 
fitted inside this section before the bolts were secured. 
A probe 3 mm in diameter and 3.5 em long was used in all tests. It 
was ground smooth and flat at the contact surface and was not tapered. 
Probes of larger diameters were used in preliminary tests but this probe 
seemed to work best with the "A" cell. The probe was made from an 8 penny 
nail with both ends removed. One end was welded perpendicularly to an 
iron plate which bolted in place to the device which held it above the 
berry to be tested. 
A small slice was removed from each berry on the side which rested on 
the pan so that the berry would not roll when first contacted by the probe 
during testing. After the slice was removed, the berry was placed on the 
aluminum weighing pan and visually aligned under the probe so the probe 
pointed toward the center of the shoulder area, where maximum berry diame-
ter occurs. Each berry was weighed by the Instron and the weight was 
recorded on the strip chart prior to testing. Tests were run at a cross-
head speed of 10 em per minute and chart speed of 50 em per minute. A 
strip chart record of the entire testing cycle was obtained and analyzed 
for data. 
In these experiments, the probe did not penetrate the entire berry, 
but in all cases it passed through the center and part way through the 
opposite side. Strip chart information was interpreted only to the center 
of the berry. Information obtained directly from the strip chart included 
berry weight, maximum force to break through the epidermis, maximum force 
20 
to break through cortex or cortex plus core, distance probe traveled into 
berry before the skin ruptured, and an estimate of the berry radius at the 
shoulder area. Using the values for force for skin rupture and the dis-
tance the probe traveled into the berry before skin rupture, it was pos-
sible to calculate two other values. The slope of the line for force of 
skin rupture was calculated and used as a measure of deformation. The 
area.under the curve from initiation of the test until skin rupture was 
calculated and used as a measure of the work necessary to rupture the skin. 
These two values were used as measure~ of resiliency or bruising tolerance 
of the berry. 
Berries from the 12-7146 clone were too firm for evaluation with the 
"A" cell. The "B" cell was inoperable and alterations and adjustments 
could not be accomplished in time to evaluate any berries from this clone. 
Statistical Design 
The experiment was arranged to be analyzed as a split plot design. 
Clones served as whole plots, while treatments were handled as split plots. 
This permitted analysis of the clone x treatment interaction effects. 
Individual plants served as observation units and the mean values for all 
variables were handled on a per plant basis. 
Separate analyses of variance were computed for fresh weight, skin 
pressure, deformation, flesh pressure, and work. Appendix A shows complete 
ANOVA tables for these five variables (Tables A-1, A-2, A-3, A-4, and A-5). 
The following model was used to classify the data: 
where: u 
ci 
Bj 
E •• 
~J 
Tk 
(CT) ik 
Eijk 
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= mean effects 
= whole plot effects (clones) 
= block effects 
= whole plot error 
= split plot effects (treatments) 
= experimental error (clone x treatment interaction) 
= sampling error. 
Field Experiment 
A field experiment was conducted in order to test on a larger scale 
the effects of calcium treatments on strawberry fruit firmness. An estab-
lished planting of the variety 'Stoplight' at the Iowa State University 
Horticulture Station was used. Plants had been trained to a 2~ foot-wi4e 
matted,row in its first fruiting year. Three adjacent 80 foot-long rows 
were each sectioned into eight 10 foot-long plots. Each row represented 
one replication. 
Two of the calcium compounds, CaC1 2 and Ca(N03) 2, used in the green-
house experiment were used in the field experiment. Concentrations were 
calculated on a weight per volume percentage basis (w/v), as in the green-
house experiment, but the compounds were mixed with tap water instead of 
distilled water. Both compounds were prepared in three percentage (w/v) 
concentrations: 0.4%, 0.8%, and 2.0%. NO wetting agent was used. In 
each replication, each of six plots received a different spray treatment 
while two plots were handled as untreated controls. Visual examination 
of plants treated with calcium hydroxide in the greenhouse seemed to indi-
cate poorer yield and poorer fruit quality so it was not used in this 
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experiment. 
Spray applications were begun when the first berries had just passed 
the white stage of development. Applications were made on June 6, June 10, 
and June 17. Four applications were planned but only three were made 
because of frequent rains. Hudson Climax 6335 knapsack sprayers were used. 
Foliage and fruit were sprayed to run-off, attempting to contact all ber-
ries with spray material. On the first spray date, 2.7 liters of treat-
ment solution were applied to each plot. Four liters per plot were applied 
on the second and third spray dates. All treatments were applied on each 
spray date. 
The number of harvests was limited to three due to the frequent, 
heavy rains. Harvests were made on June 13, June 17, and June 19. On 
June 17, the harvest was made immediately after the spray applications 
were made and just before a rain. Very overripe and molded berries were 
discarded during harvesting. On each harvest date, all plots in each 
replication were picked. Berries were held for 12 to 24 hours at 40° F 
until they could be evaluated. 
A L.E.E.-Kramer shear press, equipped with a Varian model G-llA strip 
chart recorder, was used to evaluate firmness. The shear press was equipped 
with a standard test cell and a 3000 pound force ring. The piston ran at 
12 seconds per full stroke. The calibration was set at 1000. The strip 
chart traveled a distance of 2 9/16 inches per piston stroke. A strip 
chart record was made for each sample tested and later analyzed for data. 
Shear pressure values were read from the strip chart directly. Values for 
deformation and work were calculated using the strip chart recording from 
the point of initiation of shearing to maximum shear. The deformation and 
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work calculations were made similarly to those made in the greenhouse 
experiment using the Instron data. Units of pounds and inches on the shear 
press strip chart were converted to units of metric measurement. 
Berries to be tested in the shear press were separated into four 
weight classes according to individual berry weight as follows: 
Weight class Weight range (g) 
1 <s-7 
2 >7-9 
3 >9-11 
4 >11 
A multi-berry sample of approximately 60 g from a given weight class was 
tested in the standard test cell. Most weight classes were represented on 
the first two harvest dates, but only Weight Class 1 was of consequence on 
the third harvest date. Very large and very small berries were excluded 
from the two extreme weight classes. 
Statistical Design 
The arrangement of the field planting pe·rmitted use _of a split plot 
design in this experiment. Treatments served as whole plots, while harvest 
dates were handled as split plots. This permitted analysis of the treat-
ment x harvest date interaction effects. Individual plots served as obser-
vation units. 
The three variables (shear pressure, deformation, and work) were ana-
lyzed separately according to the four different weight classes as shown 
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in Appendix B, Tables B-1, B-2, and B-3. 
The following model was used to classify the data: 
Y. 'k = u+ T. +B. + E .. + l\ + (TH) ik + E. 'k l.J l. J l.J l.J 
where: u = mean effects 
T. = whole plot effects (treatments) l. 
B. = block effects 
J 
E .. = whole plot error 
l.J 
l\ = split plot effects (harvest dates) 
(TH)ik = experimental error (treatment x harvest date 
interaction) 
E. 'k = sampling error. l.J 
The four weight classes were analyzed to determine if they affected 
the analyses of the three variables (Table B-4, Table B-5). The split plot 
design allowed use of the following model: 
Y. 'k = u + T. +B. +E .. + wk + (TW) ik +E. 'k l.J l. J l.J l.J 
where: u = mean effects 
T. = whole plot effects (treatments) l. 
B. = block effects 
J 
E .. 
l.J = whole plot error 
wk = split plot effects (weight classes) 
(TW)ik = experimental error (treatment x weight class 
interaction) 
E. 'k = sampling error. l.J 
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RESULTS 
Greenhouse Experiment 
The mean fresh weight of clones differed significantly at the 1% 
probability level (Table 1). Treatments did not affect fresh weight. 
There was no interaction between treatments and clones (Table A-1). 
Each clone required a different mean force to cause skin rupture of 
the berry (Table A-2, Table 1). Treatments affected skin pressure readings 
differently (Table A-2, Table 2). The three calcium compounds did not 
affect skin pressure in the same way (Figure 2). Doubling the concentra-
tions of CaC1
2 
and Ca(OH) 2 resulted in increased skin pressure readings, 
while a doubled Ca(N03) 2 concentration caused a decrease in skin pressure 
readings (Figure 3). There was no significant difference in the compari-
son of the control mean and the mean of all treated berries, although there 
appeared to be a trend toward tougher skin on treated fruit (Table 3). The 
treatment x clone interaction was not significant (Table A-2). 
The mean flesh pressure values for the main effect of clones varied 
significantly at the 1% probability level (Table A-3, Table 1). Treatments 
did not affect flesh pressure readings significantly (Table A-3), although 
differences in treatment means are apparent in Table 2. Berries treated 
with Cacl2 and Ca(N03
) 2 at the 0.4% concentration gave lower mean flesh 
pressure readings than berries treated at the 0.2% concentration, while 
Ca(OH) 2 treatments showed higher mean flesh pressure at the 0.4% level and 
lower mean flesh pressure at the 0.2% level (Figure 4). 
The mean values for deformation varied significantly at the 1% proba-
bility level for the main effect of clones (Table A-4). Treatments did not 
Table 1. Main effect of clones on the fresh weight and mechanical properties of strawberry fruit
1 
Clone 
8-7158 
7-7155 
5-7108 
8-7151 
1 
Fresh 
weight 
(g) 
5.57b2 
5.56b 
9.35a 
7.53ab 
Skin 
pressure 
(g) 
65 .13b 
57.62b 
107.5la 
111. 90a 
Data are based on 40 plants per clone. 
Flesh 
pressure 
(g) 
119.74 
79.52a 
86.88a 
178.90 
Deformation 
(g/cm) 
337.42 
252.21 
378.73 
540.62 
Work 
(em-g) 
7 .11a 
7.04a 
15.86 
11.83 
~eans followed by the same letter do not differ significantly at the 5% level, Duncan's New 
Multiple Range Test. 
('.) 
0\ 
Table 2. Main effect of treatments on the fresh weight and mechanical properties of strawberry 
fruitl 
Treatment 
Untreated control 
Cacl
2 
(0. 2%) 
CaC1 2 (0.4%) 
Ca(m3) 2 (0.2%) 
Ca(ID3) 2 (0.4%) 
Ca(OH) 2 (0.2%) 
Ca(OH) 2 (0.4%) 
Fresh 
weight 
(g) 
6. 77a 
2 
7.04a 
7.25a 
6.78a 
6.65a 
6.39a 
6.43a 
Skin 
pressure 
(g) 
78. 72b 
79. 77b 
88.97ab 
85.08ab 
79.27b 
86.16ab 
93.05a 
1 Data are based on 16 plants per treatment. 
Flesh 
pressure 
(g) 
116.55a 
113.27b 
102.1lb 
145.55a 
104.18b 
118. 72ab 
128.79ab 
Deformation 
(g/cm) 
371.57b 
350.43b 
363.49b 
373.44b 
356.22b 
405.84a 
402.03a 
Work 
(cm ... g) 
8.78b 
9.00b 
11.71a 
11.38a 
9.56ab 
10.33ab 
11. 65a 
~eans followed by the same letter do not differ significantly at the 5% level, Duncan's New 
Multiple Range Test. 
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Figure 2. Mean skin pressure (g) required to rupture skin of 
strawberries sprayed with three different calcium 
compounds 
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Figure 3. Effect on mean skin pressure (g) as a response to 
calcium compound x concentration interaction 
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Table 3. Mean skin pressure (g) of controls versus treated berries by 
clonesa,b 
Clones 
8-7158 7-7155 5-7108 8-7151 Mean 
Control 66.01 55.04 96.96 111.87 82.47 
Treated 64.64 59.24 111.59 112.78 87.07 
a Data are based on 16 control plants and 24 treated plants in each 
clone. 
b There is no statistical difference between the means at the 5% 
probability level (Table A-2). 
Table 4. Mean values of work (em-g) requiled to rupture skin of controls 
versus treated berries by clones 
Clones 
8-7158 7-7155 5-7108 8-7151 Mean 
Control 6.85a 2 6.94a 12.04 11.5la 9.34a 
Treated 7.3la 7 .lla 17.55 12.08a ll.Ola 
1 Data are based on 16 control plants and 24 treated plants in each 
clone. 
2 
L.S.D. 5% = 1.93. Means followed by the same letter are not sig-
nificantly different. 
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Figure 4. Effect on mean flesh pressure (g) as a response to 
calcium compound x concentration interaction 
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affect deformation significantly (Table A-4), but subdivision of the 
treatment sum of squares reveals that the calcium compounds vary signifi-
cantly at the 5% probability level. Berries treated with CaC1 2 showed 
slightly less deformation than those treated with Ca(N03) 2 , while berries 
treated with Ca(OH) 2 showed greater deformation than those treated with 
either of the other compounds (Figure 5). 
The mean value of the variable work varied significantly among clones 
at the 1% probability level (Table A-5, Table 1). Treatments affected the 
work variable at the 1% probability level of significance (Table A-5, 
Table 2). Doubling the concentrations of CaC12 and Ca(OH) 2 sprays resulted 
in higher values for work, while doubling the concentration of Ca(N03) 2 
resulted in a decrease in the mean work reading (Figure 6). More work was 
required to rupture the skins of treated berries than control berries 
(Table 4). There was a significant clone by treatment interaction (Table 
A-5). On the clones 8-7158 and 7-7155, Cacl2 and Ca(N03
) 2 resulted in 
lower work readings as their concentrations were doubled (Table 5). With 
all clones, the treated berries showed a trend toward higher mean value 
for work necessary to rupture the skin, but with the clone 5-7108, the 
difference was significantly greater (Table 4). 
Partial correlation coefficients for the five variables are shown in 
Table 6. Fresh weight and skin pressure are both significantly correlated 
with flesh pressure, deformation, and work. But fresh weight and skin 
pressure are not significantly correlated with each other. Flesh pressure 
is significantly correlated with fresh weight, skin pressure and work. 
Deformation is significantly correlated with fresh weight and skin pressure. 
Work is significantly correlated with fresh weight, skin pressure, and 
420.0 
400.0 
380.0 
"""' a 
0 -bO ....... 
z 
0 
H 
E-4 360.0 ~ 
2 
~ 
Q 
i 340.0 
320.0 
300.0 
r-
:-
.... 
'-- 357.0 
-
'-
33 
364.8 
Ca(N0
3
)
2 
CALCIUM COMPoUNDS 
403.9 
\ 
Ca(OH)
2 
Figure 5. Mean deformation (g/cm) at the point of skin rupture 
of strawberries sprayed with three different calcium 
compounds 
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Table 5. Effect of treatments on values for work (em-g), according to 
clones1 
Clones 
Treatment 
8-7158 7-7155 5-7108 8-7151 
Untreated control 6.85a 2 6.94a 12.04cd 11.5la 
CaC1 2 (0.2%) 6.8la 
7.59a 10.58d 11.04a 
Cac1 2 (0.4%) 
6.63a 7.30a 21.38a 11.52a 
Ca(ID3) 2 (0.2%) 8.46a 6.94a 19.80ab 14.53a 
Ca(ID3) 2 (0.4%) 7.95a 
5.90a 15. 66bc 9.87a 
.ca(OH) 2 (0. 2%) 6.10a 
7 .lla 18.08ab 11. 98a 
Ca(OH)
2 
(0.4%) 7.9la 7.81a 19.86ab 13.53a 
1 Data are based on 4 plants per treatment in each clone. 
1Means followed by the same letter do not differ significantly at 
the 5% level, Duncan's New Multiple Range Test. 
36 
Table 6. Partial correlation coefficients for strawberry fruit firmness 
indicators 
Fresh Skin 
weight pressure 
Flesh Deformation Work pressure 
** ** * -0.28 -0.26 0.21 Fresh weight 1.00 -0.02 
Skin pressure -0.02 ** ** ** 1.00 0.33 0.59 0.73 
0.14 * 1.00 0.20 ** ** Flesh pressure -0.28 0.33 
** ** Deformation -0.26 0.59 0.14 1.00 0.08 
* 0.20 0.08 1.00 * ** Work 0.21 0.73 
* Significant at a = 0.05. 
** Significant at a = 0.01. 
Table 7. Main effect of harvest dates on shear 
a (g) of strawberry pressure 
fruit in four weight classes 
Weight Harvest date F-test class 1 2 3 
1 1.66 1.68 1.11 ** F(2,32) = 22.54 
2 1.40 1.28 F (1, 15) = N.S. 
3 1.31 0.97 F(l,l3) = 7.45 * 
4 1.34 0.94 F(l,l2) * = 7.78 
a 4 All means transformed by dividing by 10 . 
* Significant at a = 0.05. 
** Significant at a = 0.01. 
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flesh pressure. 
Field Experiment 
The various calcium spray treatments did not affect shear pressure 
values within any of the four weight classes (Table B-1), although the 
weight classes themselves did significantly influence shear pressure read-
ings on the first two harvest dates (Table B-4, Table B-5). Harvest dates 
significantly affected shear pressure values in Weight Classes 1, 3, and 
4 (Table 7). Table 7 shows the trend toward lower shear pressure with the 
later harvest dates. The interaction between treatments and harvest dates 
was not significant in any of the weight classes (Table B-1). However, 
the subdivision of the interaction sum of squares of Weight Classes 1 and 
2 shows that the mean shear pressure of the control berries compared to 
the mean shear pressure of the treated berries varies significantly in 
each weight class according to harvest date (Table B-1, Figure 7, Figure 8). 
The interaction between treatments and weight classes was not significant 
on either of the first two harvest dates. The third harvest date could 
not be analyzed since only Weight Class 1 was represented (Table B-4, 
Table B-5). 
Treatments did not significantly affect deformation values within any 
of the four weight classes (Table B-2). As with shear pressure, however, 
the individual weight classes were significantly different in their effects 
upon deformation on the first two harvest dates (Table B-4, Table B-5). 
Table 8 shows the trend toward decreasing values for deformation as the 
weight classes change toward larger berry size. Harvest dates signifi-
cantly affected deformation values in Weight Classes 1 and 4 (Table B-2, 
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Table 8. Main effect of harvest dates on deformation8 (g/cm) of straw-
berry fruit in four weight classes 
Weight Harvest date 
F-test class 1 2 3 
1 1.09 1.17 0.78 F(2,32) = 13.50 
2 0.90 0.86 F(l,l5) = N.S. 
3 0.76 0.63 F(l,l3) = N.S. 
* 4 0.79 0.59 F(l,l2) = 4.90 
a 4 All means transformed by dividing by 10 • 
* Significant at a = 0.05. 
** Significant at a = 0.01. 
** 
Table 9. Main effect of harvest dates on work values 
a (cm-g) for shearing 
of strawberry fruit in four weight classes 
Weight Harvest date F-test 
class 1 2 3 
** 1 1.29 1.22 0.80 F(2,32) = 20.00 
* 2 1.10 0.97 F(l,l5) = 4.31 
* 3 1.06 0.75 F(l,13) = 7.00 
4 1.15 0.76 F(l,l2) * = 8.20 
a 4 All means transformed by dividing by 10 • 
* Significant at a = 0.05. 
** Significant at a = 0.01. 
41 
Table 8). The treatment by harvest date interaction was not significant 
in any weight class (Table B-2). Subdivision of the interaction sum of 
squares showed that the calcium compounds differed significantly in Weight 
Class 1 in their effect on deformation on the different harvest dates 
(Table B-2, Figure 9). 
There were no significant differences within any of the weight classes 
in the effects of the different calcium treatments upon the values for work 
(Table B-3). The individual weight classes were significantly different 
in their effects upon work on the first two harvest dates (Table B-4, 
Table B-5). Harvest dates were significantly different in their effect 
upon the work variable in all four weight classes (Table B-3, Table 9). 
The treatment by harvest date interaction was not significant for any 
weight class (Table B-3). However, upon subdividing the harvest date by 
treatment interaction sum of squares for Weight Classes 1 and 2, the inter-
action between the harvest dates and the control versus treated term is 
significant at the 5% level in both weight classes in its effect upon work. 
The mean of the value of work. required for shearing treated berries on the 
first harvest date is lower than the mean work value for shearing control 
berries. On later harvest dates, the mean work for shearing is higher 
for treated berries than for the untreated berries (Figure 10, Figure 11). 
42 
1.60 r-
1.40 t-
1.35 
~
1.20 1-
""" a 
C.l - 1.12 bO '-" 
z 
0 
H 
E-1 1.00 ~ 
1.01 1.05 
1-
0 r:r.. 
I'Ll 
A 
~ 0.86 
~ .80 1-
0.70 
.60 1-
N N N 
""" """ """ (\") (\") (\") 
N ~ N ~ N ~ M M M u '-" u '-" u '-" ttl ttl ttl ttl ttl ttl u u u u u u 
.40 
1 2 3 
HARVEST DATE 
Figure 9. Effect of calcium compounds upon mean deformation 
(g/cm) in Weight Class 1 on three harvesz dates. 
All values transformed by dividing by 10 
43 
1.60 • 
1.43 
1.40 -
1.29 
1.27 
1.20 1-
,....._ 
bO 
I 
6 
~ 
~ 1.00 -
& 
:zi 
i 0.83 
0.81 
.80 -
0.73 -
.60 1-
....... "'0 ....... "'0 ....... "'0 s <I) 0 <I) 0 <I) ~ 1-1 ~ 1-1 ~ 
~ CIS ~ CIS ~ CIS p <I) p <I) p <I) 
1-1 0 1-1 0 1-1 0 
E-4 u E-4 u E-4 u 
.40 
1 2 3 
HARVEST DATE 
Figure 10. Effect of the interaction between harvest dates and 
control versus treated on mean values of work (em-g) 
required for shearing in Weight Class 1. All values 
transformed by dividing by 104 
44 
1.80 ,.... 
1.60 ,.... 
1.41 
1.40 -
,-.., 
00 
I a 
0 
'-" 
~ 1.20 -
& 
~ 1.05 
1.00 - 1.00 
.80 - 0.80 
.-1 "0 .-1 "0 
0 <I) 0 <I) 
1-4 ...., 1-4 ...., ...., ell ...., ell 
$:l <I) $:l <I) 
0 1-4 0 1-4 u E-1 u E-1 
.60 
1 2 
HARVEST DATE 
Figure 11. Effect of the interaction between harvest dates and 
control versus treated on mean values of work (em-g) 
required for shearing in Weight Class 2. All values 
transformed by dividing by 104 
45 
DISCUSSION 
Greenhouse Experiment 
Clonal differences in mean berry fresh weight (Table 1) were expected 
since berry size is known to vary among clones. Clones 8-7158 and 7-7155 
expressed the concentrated ripening character, which had been noted in 
field evaluations, with nearly all primary and quaternary flowers aborting 
and a high percentage of secondary flower abortion. Then on these two 
clones, the mature fruit originated mainly from the tertiary position on 
the inflorescence with a few from the secondary position. According to 
Darrow (14), position on the inflorescence influences fruit size. Green 
(25) has shown that there is a maximum berry size attainable according to 
that position. Hand removal of berries influences the size of those re-
maining by eliminating some of the competition (33b). The secondary and 
tertiary berries which developed on these two clones would be expected to 
be of greater weight than they would have been if flower abortion did not 
occur. Notwithstanding clonal differences, perhaps the softer texture of 
8-7158 and 7-7155 could be due to attainments of maximum berry size without 
competition from fruit at other inflorescence positions. 
The lack of significance of other terms in the analysis of variance of 
fresh weight (Table A-1) dispels the hypothesis that calcium spray treat-
ments cause an increase or decrease in fresh weight. 
Calcium spray treatments influenced skin toughness. Sprays of Ca(OH)
2 
produced the most skin toughening, while Ca(N03) 2 sprays were least effec-
tive and CaC12 sprays were intermediate (Figure 2). Changing the treatment 
concentration from 0.2% to 0.4% resulted in increased skin toughness with 
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cacl
2 
and Ca(OH)
2 
and decreased skin toughness with Ca(N03) 2 (Figure 3). 
Although not significant, there was a trend toward increased skin pressure 
of all treated berries compared with the controls (Table 3). There was no 
interaction between clones and treatments, which indicates that skin tough-
ness was affected in a similar manner in all clones receiving the same 
treatment. 
Calcium spray treatments did not significantly influence flesh firm-
ness (Table A-3). But subdividing the treatment sum of squares indicates 
significance in the interaction between calcium compounds and concentra-
tions. Increasing the Ca(OH)
2 
spray from 0.2% to 0.4% concentration showed 
an increase in flesh firmness. Both Cacl 2 and Ca(N03) 2 resulted in de-
creased flesh firmness as their concentrations doubled (Figure 4, Table 2). 
Although the main effect of treatments was not significant, there appears 
to be a trend in the influence of concentration on flesh firmness. This 
work seems to indicate that Ca(N0
3
) 2 was the least effective calcium com-
pound used, with decreases in both skin toughness and flesh firmness as 
the concentration increased to 0.4%. 
Geraldson (23) stated that nitrate sources of nitrogen cause increased 
organic acid production by plants. Since some organic acids immobilize 
calcium, it would be less available for use by the plant. Eaves ~ !!· (19) 
noted no effect upon firmness of raspberries treated with 0.4% Cacl2 and 
0.6% Ca(N03) 2 sprays compared with controls. Work at the East Malling 
Research Station indicated no effect on firmness when strawberry fruit was 
treated with Ca(N03) 2 sprays (59). 
Geraldson (23) noted phytotoxicity from 0.05 M CaC1
2 
sprays used to 
control blossom-end rot of tomatoes, but he minimized spray damage by 
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lowering molarity and spraying less frequently. Eaves and Leefe (18) used 
0.4% cac1
2 
sprays on 'Sparkle' strawberries to firm the fruit and reported 
no damage after four sprays. Phytotoxic effects would not be unexpected 
from Cacl2 sprays since this compound is a well known desiccant. It was 
not known if timing of applications was critical so an attempt was made to 
have spray material present rather constantly on the plants and berries. 
Starting at blossoming, spray applications were made on 19 different dates 
in this experiment, and were ended when harvesting was completed. This is 
an impractical number of applications and far exceeds numbers noted in the 
literature. Phytotoxicity would undoubtedly be exaggerated. Fruit soften-
ing would be an expected ramification. Burning of leaf margins was evident 
on all clones at both concentrations of CaC12, but no plant death could be 
attributed to the CaC1 2 treatments. Leaf burn did not occur on plants 
treated with Ca(N03) 2 or Ca(OH) 2
• Decreased yields were noted in tomatoes 
treated with CaC1 2 where blossom-end rot was not observed to be a problem 
(24). In a machine harvest operation, a decrease in strawberry yield caused 
by the spray material might realistically be offset by the decrease in the 
percentage of berries damaged by the harvesting machine. 
There seem to be no reports in the literature on use of Ca(OH)
2 
as a 
spray amendment. Berries treated with Ca(OH) 2 showed a heavy white residue 
of the material and the epidermis was dry and leathery in appearance. Plants 
treated with Ca(OH) 2 seemed less vigorous. Heavy foliar residues might 
interfere with photosynthesis. Effects of pH were not examined in this 
experiment, and they could possibly affect results. Although berry appear-
ance was not desirable when treated with Ca(OH)
2
, this calcium compound 
showed the most promise toward increasing fruit firmness. Figures 3 and 4 
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show a trend toward increasing skin pressure and flesh pressure values 
with increasing concentrations of Ca(OH) 2 spray. Fewer applications made 
at the optimum time would reduce the amount of spray residue and make the 
procedure more practical. If Ca(OH) 2 sprays became useful and practical, 
berries could be washed just before processing. The material could not 
be used on fruit intended for the fresh market since strawberries normally 
are not washed before marketing. 
From the difference in behavior of the three calcium compounds upon 
skin toughness and flesh firmness, it appears that the anion in solution 
with ca2+ influences the effects of the treatments. Biddulph et al. (2) --
point out that the discovery of an effective carrier for the ca
2+ cation 
or perhaps use of the correct wetting agent might help in the absorption 
and translocation of calcium. Such a discovery could be of benefit to 
the work conducted here. Poor translocation of calcium probably accounts 
for the apparent influence of the three calcium compounds upon skin tough-
ness but lack of significant difference in their influence upon flesh 
firmness. 
Much of the literature seems to be questionable as to whether it re-
ports skin pressure, flesh pressure, or partial flesh pressure. Of the 
testing devices described, many recorded only one maximum value and in 
some cases probes did not penetrate the entire berry or even half way 
through. In such cases, a maximum force reading might be either an indi-
cation of skin toughness or flesh firmness, depending on which was greater. 
Shallow penetration with a probe would most likely provide a skin pressure 
reading since maximum flesh pressure appears about half way through the 
berry. The Instron machine used in this experiment provided accurate and 
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distinct readings for both skin toughness and flesh firmness. 
Denisen ~ al. (16) suggested the use of resiliency as a measure of 
resistance to bruising. Resiliency is the ability of the berry to spring 
back to its original shape after a force is applied to its surface. Bourne 
~ al. (6) characterized crispness of potato chips as the resistance to 
deformation under load up to the point of sudden fracture. They measured 
crispness as the steepness of the force-distance curve. Using an Instron, 
they pierced potato chips with a 5/16 inch diameter pin mounted over a 
ring 3 em in diameter. Since this was a measurement of slope, the influ-
ence of size of the potato chip was eliminated. Maximum force values were 
not a measure of crispness. The slope of the force-distance curve for 
skin rupture was calculated for each berry from the strip chart. These 
slopes were used as a measurement of the resistance to deformation under 
the pressure of the probe until the point of skin rupture. The deforma-
tion values then provided an indication of resiliency. 
Deformation varied significantly with the different clones (Table A-4, 
Table 1). The different spray treatments did not significantly affect 
measurements of deformation (Table A-4). Figure 5 shows that berries 
receiving Ca(OH) 2 sprays gave higher deformation values than those treated 
with Ca(N03) 2 or Cacl2 , and Ca(N03) 2 gave higher readings than CaC1 2
• 
There was no interaction between clones and treatments, indicating treat-
ments followed similar trends for deformation on all clones. 
The work variable was examined as a possible measurement of resistance 
to bruising. This principle was also described by Bourne~ al. (6). They 
used the area under the force-distance curve as a measurement of the amount 
of work to crack a potato chip. Using strip chart data, the area under 
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each curve for skin pressure was calculated from thepoint of initiation 
of the test until the skin ruptured. This area was then used as a measure 
of the work required to rupture the skin. 
Work required for skin rupture varied with clones (Table 1). Calcium 
sprays affected the amount of work necessary to cause skin rupture (Table 
2). When clonal effects are removed, it is seen that increasing concen-
trations of cac1 2 and Ca(OH) 2 from 0.2% to 0.4% results in an increase in 
the amount of work needed to cause skin rupture, while the work require-
ment with increased concentration decreases with Ca(N03) 2 sprays (Figure 
6). These effects are attributed to similar causes as already described 
for skin pressure variations. The mean amount of work required for skin 
rupture of all treated berries exceeded that of control berries (Table 4). 
The interaction between clones and treatments (Table A-5, Table 5) 
indicates that the various calcium treatments affected the clones in dif-
ferent ways in the amount of work required to cause skin rupture. Exami-
nation of the interaction sum of squares (Table A-5) reveals that varying 
the concentration of the three calcium compounds affected work calculations 
differently in the four clones (Table 5). In clones 7-7155 and 8-7158, 
increasing spray concentration from 0.2% to 0.4% resulted in decreased work 
to produce skin rupture with CaC1 2 and Ca(N03
)
2 
and an increased amount of 
work to produce skin rupture with Ca(OH) 2• With clones 5-7108 and 8-7151, 
Cacl2 and Ca(OH) 2 at increased concentrations resulted in an increase in 
the amount of work to cause skin rupture while Ca(N0
3
)
2 
resulted in a 
decrease in the amount of work required (Table 5). In all clones, Ca(OH) 2 
at increased concentrations resulted in increased work requirements for 
skin rupture, while Ca(N03) 2 at increased concentrations resulted in 
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decreased work requirements for skin rupture. The mean work requirement 
of all treated berries exceeded the mean work requirement of control 
berries. The clone 5-7108 showed much greater work requirement for its 
treated berries compared with its control berries than the other three 
clones (Table 4). 
Partial correlations were calculated according to Snedecor and Cochran 
(54) to provide a measure of correlation among the five variables (Table 
6). Significant correlation between any two variables indicates either 
one could be substituted for the other as an indicator of texture if they 
are both satisfactory textural measures. None of the firmness indicators 
in Table 6 correlates at significant levels with all other indicators. 
Each is significantly correlated with at least two others. Fresh weight, 
skin pressure, flesh pressure, and work each correlate significantly with 
three of the other indicators. Deformation correlates significantly with 
two of the other variables. Fresh weight and skin pressure are both sig-
nificantly correlated with flesh pressure, deformation, and work. But 
fresh weight and skin pressure are not significantly correlated with each 
other. Flesh pressure is significantly correlated with fresh weight, skin 
pressure, and work. Deformation is significantly correlated with fresh 
weight and skin pressure. Work is significantly correlated with fresh 
weight, skin pressure, and flesh pressure. 
Although none of the variables in Table 6 are significantly correlated 
with all of the others, there are six possible subsets of two variables 
which could be substituted for the others. These are i) fresh weight + 
flesh pressure, ii) fresh weight + deformation, iii) fresh weight + work, 
iv) skin pressure + flesh pressure, v) skin pressure + deformation, and 
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vi) skin pressure + work. It is difficult to choose one subset and exclude 
the other variables, but a logical combination seems to be that of skin 
pressure + flesh pressure. Table 6 shows skin pressure and flesh pressure 
to have highly significant positive correlation. Ourecky and Bourne (47) 
also reported significant correlation between these two clonal characters. 
It is difficult to exclude fresh weight considerations, but fresh weight 
is significantly correlated with flesh pressure. It would seem unnecessary 
then to calculate deformation or work values as measures of resiliency 
when skin pressure and flesh pressure values are determined, since work is 
significantly correlated with both skin pressure and flesh pressure and 
deformation is significantly correlated with skin pressure. 
The significant negative correlation between fresh weight and flesh 
pressure would seem to lend credence to the notion that as berry size 
increases, firmness decreases. Likewise the negative correlation between 
fresh weight and deformation seems to indicate that as berry size increases, 
the slope of the line to maximum skin pressure becomes less steep and its 
resiliency without skin rupture decreases. At the same time, there is a 
significant positive correlation with work. 
Field Experiment 
The shear press was used to evaluate the field results since its 
standard test cell is designed to handle mass samples. It was believed 
that mass samples might be useful in comparison to single berries evaluated 
in the greenhouse work. The shear press has been used by Sistrunk and 
Moore (53) in strawberry textural evaluations and is a precise method of 
measurement (39,40). Shear pressure readings cannot be attributed to either 
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skin toughness or flesh firmness, but, rather, a measurement of maximum 
shear is obtained which is an overall textural measurement. 
There were no significant differences in treatment effects upon shear 
pressure in any of the four weight classes (Table B-1). The four weight 
classes themselves were shown to differ significantly in their shear pres-
sure values (Table B-4, Table B-5). Heavy rains during the period of 
spraying through harvest probably affected the results. The rate of ab-
sorption of calcium was not determined in this experiment, but it is pos-
sible that rain within several hours after application would adversely 
affect calcium absorption by washing off the spray residue. Also, with 
excess water at harvest time, Darrow (14) has described a condition called 
puffing of the berries in which the fruit takes on excess water and becomes 
watery and soft in texture. Another probable factor was the delay in har-
vest due to rain preventing picking at the optimum stage. 
Timing of spray applications might have affected shear pressure re-
sults. An attempt was made to spray as the berries started to approach 
the white stage. Woodward (60) determined the white stage to be the point 
in berry development where the ripening process begins. By applying cal-
cium at this point in berry development, it was hoped that the calcium 
would in some way firm the tissue as cell wall breakdown accelerated. At 
the time applications were initiated, some of the primary berries had 
already turned pink, but most berries were either in the white stage or 
still green. The two later sprays were planned at points when many later 
berries were in the white stage. It is not known if this timing is ideal. 
Eaves and Leefe (18) applied four sprays of Cacl
2 
at 3-day intervals at 
blossom time in a field experiment and saw very significant increases in 
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firmness as measured by a penetrometer. Further pursuit of this work 
would necessitate an investigation into the effects of timing of applica-
tions upon the results, bearing in mind that the number of applications 
should be kept to a minimum in order to be practical. 
Spraying to run•off is a generally accepted application procedure. 
Since calcium is not translocated readily, if at all, each berry required 
thorough coverage in order to insure uniformity of the calcium treatment. 
Berries missed by the spray material or not thoroughly covered would not 
then receive calcium from other plant parts by translocation. It was noted 
in the greenhouse experiment that the flesh firmness was not significantly 
affected by calcium treatments although skin toughness was significantly 
influenced. This indicates calcium might not have been translocated even 
within the individual berries after being absorbed by the epidermis. 
There was a trend toward decreased shear pressure values with later 
harvest dates (Table 7). The mean shear pressures were significantly dif-
ferent within Weight Classes 1, 3, and 4. Weight Class 1 appeared on all 
three harvest dates while Weight Classes 2, 3, and 4 appeared only on the 
first two harvest dates. According to Sistrunk and Moore (53), time of 
harvest does not consistently affect firmness, with weather conditions and 
maturity being more important in textural influence. A similar effect can 
be noted in this experiment (Table 7). With the concept of once over 
mechanical harvest, it would be desired to have the maximum number of ber-
ries ripe at one time. This might be achieved by using varieties that 
tend to concentrate their ripening by abortion of flowers, according to 
their position on the inflorescence. With concentrated ripening clones, 
there would not be as much concern with the holding of overripe berries on 
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the plants until harvesting. 
It was hypothesized that calcium treatments would firm strawberry 
fruit texture as an aid to mechanical harvest and that calcium treatments 
might influence firmness on the different harvest dates, since the fruit 
was known to decrease in firmness with the later harvest dates. The inter-
action between harvest dates and treatments was not significant for any of 
the weight classes (Table B-1), not surprising since treatments were not 
significant. However, subdividing the interaction sum of squares for 
Weight Classes 1 and 2 (Table B-1) shows that the interaction between har-
vest dates and control versus treated is significant at the 5% probability 
level. As shown in Figures 7 and 8, the mean shear pressure value of con-
trol berries was greater than that of all treated berries on the first 
harve~t date, but on succeeding harvest dates, the mean shear pressure 
value of all treated berries was greater than that of the control berries. 
Although treatments did not significantly affect firmness, as indicated by 
shear pressure readings, Figure 7 seems to indicate that calcium treatments 
might have had some influence toward increased firmness on the two later 
harvest dates. Potential for increasing berry firmness on later harvest 
dates would be attractive in machine harvest operations because of less 
berry damage. The once-over harvest would probably be later. Ideally, 
with a concentrated ripening clone, the primary berries would be eliminated 
through abortion and the harvesting would be of secondary or tertiary fruit 
or both. So the actual harvest would be at a later date than if primary 
fruit were being harvested. In the greenhouse experiment, it was noted 
that fruit on the concentrated ripening clones was significantly softer 
than on the nonconcentrated ripening ciones. The 'Stoplight' variety was 
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the only clone evaluated in the field experiment so no comparison of the 
same sort can be made. But it would seem there could be potential firming 
of berries on concentrated ripening clones with calcium treatments. 
Lack of significance of the interaction between treatments and weight 
classes on either of the first two harvest dates (Table B-4, Table B-5) is 
noteworthy since this means all four weight classes were influenced in a 
similar manner by the calcium treatments. This does not dispel completely 
the hypothesis that larger softer berries might benefit more from calcium 
treatments than smaller firmer. berries would benefit, because, in this 
experiment, the main effects of treatments were not significant. Perhaps 
if the treatment term was significant, the interaction between treatments 
and weight classes would also be affected. 
Values for deformation were computed to provide a comparison with 
deformation as obtained in the greenhouse experiment for a measure of 
resiliency. Deformation values were computed as the slope of the force-
distance curve obtained from the strip chart reading for each shear pres-
sure value. The deformation provided an indication of the resistance pro-
vided by the sample to shearing. Lack of significance of treatment dif-
ferences within any of the weight classes (Table B-2) is due to the same 
factors mentioned with shear pressure. 
Deformation values varied significantly at the 1% probability level 
for Weight Class 1 on the different harvest dates and at the 5% probability 
level for Weight Class 4 (Table B-2, Table 8). Weight Classes 2 and 3 did 
not vary significantly. This trend is similar to that shown for the shear 
pressure results. 
The main effect of the interaction between treatments and harvest 
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dates upon deformation was not significant in any of the four weight 
classes (Table B-2). However, subdividing the sum of squares for Weight 
Class 1 reveals that the interaction between harvest dates and calcium 
compounds is significant at the 5% probability level (Table B-2). 
As shown in Figure 9, Cacl
2 
gave higher deformation values than Ca(N0
3
)
2 
on the first and second harvest dates, while Ca(N0
3
)
2 
gave higher deforma-
tion values than CaC1
2 
on the third harvest date. The mean deformation 
for Ca(N0
3
)
2 
remained nearly the same on all three harvest dates while the 
mean deformation for CaC1
2 
varied markedly. The cause of this difference 
cannot be explained from results of this experiment, but it can be hypothe-
sized that the compounds or their ionic components were absorbed at differ-
ent rates and the slower to absorb was washed off by ensuing rains. If 
the Cacl 2 had become phytotoxic by the third harvest date, then the lower 
deformation value for the Cacl
2 
treatments could be due to a softening of 
the fruit. In that case, the higher Ca(N0
3
)
2 
deformation value might be 
due to nonaction of Ca(N0
3
)
2 
upon the fruit. 
The interaction between treatments and weight classes was not signifi-
cant on either of the first two harvest dates (Table B-4, Table B-5). As 
with shear pressure, this might indicate that all weight classes were 
influenced in a similar manner by the calcium treatments. 
Work values were computed to provide a comparison with the work vari-
able in the greenhouse experiment and as a possible measure of resiliency. 
The strip chart was used to determine values for work by calculating the 
area under the force-distance curve from the point of initiation of shear-
ing to the point of maximum shear pressure. As with shear pressure and 
deformation, treatment differences were not significant within any of the 
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weight classes (Table B-3). 
The different harvest dates were significantly different at the 1% 
probability level in their influence upon work values in Weight Class 1. 
In Weight Classes 2, 3, and 4, harvest dates differed significantly at the 
5% level in their effect upon work values (Table B-3, Table 9). There 
was a trend toward decreasing work values with the later harvest dates. 
The treatment x harvest date interaction was not significant within 
any of the four weight classes. Subdivision of the interaction sum of 
squares in Weight Classes 1 and 2 indicates significance at the 5% proba-
bility level in the interaction between harvest dates and control versus 
treated berries (Table B-3). Figures 10 and 11 show that on the first 
harvest date control berries produced the higher mean work reading while, 
on later harvest dates, the treated berries had the higher mean work value. 
This is the same trend shown with shear pressure. 
As with shear pressure and deformation, the treatment by weight class 
interaction in the analysis of variance for work was not significantly dif-
ferent on either harvest date (Table B-4, Table B-5). 
The CaC1 2 at the highest spray concentration used, 2.0%, was expected 
to be phytotoxic to the plants. Fruit softening was expected at this con-
centration, but results indicated that it was not adversely affected, 
although visually the berries lacked shine and looked leathery with either 
calcium compound treatment at the 2.0% concentration. All concentrations 
of Cac1 2 resulted in phytotoxicity expressed by burning and death of tissue 
in the leaf margins. The 2.0% concentration caused very striking phyto-
toxicity visible for some distance away from the plots and in some cases 
entire leaves were dead by the last harvest date. No leaf phytotoxicity 
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was produced by the Ca(N0
3
) 2 sprays at any concentrations. This indicates 
that the phytotoxicity was caused by the chloride ion. Phytotoxicity 
would be expected because cacl 2 is a well-known desiccant. Other workers 
(24) have noted phytotoxic results with CaC1 2 treatments on tomatoes. 
Even at the 2.0% concentration, plant death did not result. By the time 
the field was renovated, shortly after harvesting was completed, the Cacl2 
treated plots were visually indistinguishable from the Ca(N03) 2 treated 
plots and the control plots. The rain at spray application time might 
have decreased phytotoxic potentials of the CaC1
2 
treatments. Possible 
merit of the leaf phytotoxicity might be in defoliation or partial defoli-
ation, since one of the problems of the mechanical approach to strawberry 
harvesting is the interference of foliage in the harvesting operation. If 
increased fruit firmness could be coupled with the defoliation, then two 
aids could be added to the mechanical harvest operation. 
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SUMMARY 
The effects of different calcium treatments on fresh weight and tex-
tural characteristics of strawberry fruit were examined objectively. Tex-
tural characteristics of fruit from the greenhouse experiment were evalu-
ated by puncture testing using an Instron Universal Testing Machine; while 
in the field experiment, a L.E.E.-Kramer shear press measured shear pres-
sure of fruit samples. 
Calcium treatments did not affect fresh weight in either experiment. 
Clonal differences were observed in fresh weight, as well as in all tex-
tural characteristics examined. The compound most effective in toughening 
berry skin was Ca(OH) 2 , while CaC1 2 and Ca(N03
)
2 
ranked second and third, 
respectively. The Ca(N03) 2 
treatments actually showed a decrease in skin 
toughening as the concentration increased. Although flesh firmness did 
not vary significantly with different calcium treatments, the trend was 
toward decreasing firmness with increasing treatment concentrations of 
CaC1 2 and Ca(N03) 2 and increasing firmness as Ca(OH) 2 
treatments increased 
in concentration. Deformation values (calculated as the slope of the 
force-distance curve to maximum skin pressure) did not vary significantly 
with the different calcium treatments, but a trend showed Ca(OH)
2 
to be 
most influential toward increasing deformation values, while Ca(N0
3
)
2 
and 
Cacl 2 ranked second and third, respectively, in effectiveness. Treatments 
significantly affected the work variable (calculated as the area under the 
force-distance curve to maximum skin pressure). Doubling the concentra-
tions of Cac1 2 and Ca(OH) 2 resulted in increased values for work, while 
doubling the Ca(N03) 2 concentration resulted in decreased values for work. 
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The different calcium treatments affected the clones in different ways in 
the amount of work required to cause skin rupture. 
In the field experiment, the various calcium treatments did not sig-
nificantly affect shear pressure, deformation, or work values in any of 
the four weight classes. Values for all three variables tended to decrease 
with later harvest dates and with larger berry size. On later harvest 
dates, treated berries showed higher shear pressure and work values than 
control berries, although treated berries showed lower values on the first 
harvest date. In Weight Class 1, deformation values were higher for Cac1
2 
treated berries than for Ca(N0
3
)
2 
treated berries on the first two harvest 
dates; while on the third harvest date, berries treated with Ca(N0
3
)
2 
showed higher values for deformation. 
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Table A-1. 
a b 
Analysis of variance for fresh weight ' 
Source d. f. 
Total 139 
Whole plots 3 
Blocks 3 
Clones 3 
Error A 9 
Split plots 
Treatments 6 
Calcium compounds (2) 
Concentration (1) 
Calcium compounds x concentration (2) 
Control versus treated (1) 
Treatments x clones 18 
Calcium compounds x clones (6) 
Concentration x clones (3) 
(Calcium compounds x concentration) x clones (6) 
(Control versus treated) x clones (3) 
Error B 100 
M.S. "F" 
2.766 
2. 766 
** 102.200 12.55 
8.150 
1.505 0.47 
2.248 0.70 
0.003 0.00 
0.926 0.29 
2.680 0.84 
3.026 0.95 
3.707 1.16 
1. 723 0.54 
4.362 1.37 
0.293 0.09 
3.188 
a Degrees of freedom were reduced by one for each missing observation. 
b Homogeneity of variance of the four controls was verified. The 
pooled mean was used in this analysis. 
** Significant at a= 0.01. 
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Table A-2. 
a b 
Analysis of variance for skin pressure ' 
Source d. f. 
Total 139 
Whole plots 
Blocks 3 
Clones 3 
Error A 9 
Split plots 
Treatments 6 
Calcium compounds (2) 
Concentration (1) 
Calcium compounds x concentration (2) 
Control versus treated (1) 
Treatments x clones 18 
Calcium compounds x clones (6) 
Concentration x clones (3) 
(Calcium compounds x concentration) x clones (6) 
(Control versus treated) x clones (3) 
Error B 100 
M.S, "F" 
346.7 *~~ 
27,647.0 67.70 
408.4 
** 596.2 2.94 
* 682.0 3.36 
315.0 1.55* 
761.0 3.75 
376.0 1.85 
221.7 1.09 
171.6 0.84 
85.3 0.42 
249.2 1.22 
403.0 1.98 
203.0 
a 
Degrees of freedom were reduced by one for each missing observation. 
bH . f ' f h f 1. f d omogene~ty o var~ance o t e our contro s was veri ie • The 
pooled mean was used in this analysis. 
* Significant at a. = 0.05. 
** Significant ata. • 0.01. 
Table A-3. 
Total 
Whole plots 
Blocks 
Clones 
Error A 
Split plots 
Treatments 
71 
a b 
Analysis of variance for flesh pressure ' 
Source d. f. 
139 
3 
3 
9 
6 
Calcium compounds (2) 
M.S. "F" 
2521 
** 72207 35.60 
2026 
3243 1.96 
2410 1.46 
Concentration (1) 2663 1.60* 
Calcium compounds x concentration (2) 5935 3.59 
Control versus treated (1) 102 0.06 
Treatments x clones 18 1410 0.85 
Calcium compounds x clones (6) 1090 0.66 
Concentration x clones (3) 67 o~o4 
(Calcium compounds x concentration) x clones (6) 2574 1.50 
(Control versus treated) x clones (3) 1066 0.64 
Error B 100 1655 
a 
Degrees of freedom were reduced by one for each missing observation. 
bHomogeneity of variance of the four controls was verified. The 
pooled mean was used in this analysis. 
* Significant at a = 0.05. 
** Significant at a = 0.01. 
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Table A-4. Analysis of variance for deformationa,b 
Source d.£. M.S. "F" 
Total 139 
Whole plots 
Blocks 3 15161 ** Clones 3 541660 95.40 
Error A 9 5677 
Split plots 
Treatments 6 9494 1.72 
,'( 
Calcium compounds (2) 24377 4.40 
Concentration (1) 180 0.03 
Calcium compounds x concentration (2) 2126 0.38 
Control versus treated (1) 3780 0.68 
Treatments x clones 18 6820 1.23 
Calcium compounds x clones (6) 9339 1.69 
Concentration x clones (3) 4851 0.87 
(Calcium compounds x concentration) x clones (6) 5527 1.00 
(Control versus treated) x clones (3) 6337 1.14 
Error B 100 5537 
a Degrees of freedom were reduced by one for each missing observation. 
bHomogeneity of variance of the four controls was verified. The 
pooled mean was used in this analysis. 
* Significant at a= 0.05. 
** Significant at a = 0.01. 
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Table A-5. 
a b Analysis of variance for work ' 
Source 
Total 
Whole plots 
Blocks 
Clones 
Error A 
Split plots 
Treatments 
Calcium compounds 
Concentration 
Calcium compounds x concentration 
Control versus treated 
Treatments x clones 
Calcium compounds x clones 
Concentration x clones 
(Calcium compounds x concentration) x clones 
(Control versus treated) x clones 
Error B 
d. f. M.S. "F" 
139 
3 4.2 
** 3 560.0 33.33 
9 16.8 
** 6 31.2 3.49 
(2) 13.5 1.50 
(1) 8.3 0.93** 
(2) 57.0 6.38* 
(1) 37.8 4.23 
** 18 22.3 2.49 
(6) 7.5 0.84 
(3) 17.7 1.93* 
(6) 25.5 2.86** 
(3) 49.9 5.58 
100 8.9 
a Degrees of freedom were reduced by one for each missing observation. 
bHomogeneity of variance of the four controls was verified. The 
pooled mean was used in this analysis. 
* Significant at a • 0.05. 
** Significant at a = 0.01. 
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1 1 . f h a,b,c Table B- • Ana ysis of var~ance or s ear pressure 
Weight Class 1 
Total 
Whole plots 
Blocks 
Treatments 
Error A 
Split plots 
Harvests 
Source 
Harvests x treatments 
Harvests x (control versus treated) 
Harvests x concentration 
Harvests x calcium compounds 
Harvests x (calcium compounds x concentration) 
Error B 
Weight Class 2 
Total 
Whole plots 
Blocks 
Treatments 
Error A 
Split plots 
Harvests 
Harvests x treatments 
Harvests x (control versus treated) 
Harvests x concentration 
· Harvests x (calcium compounds) 
Harvests x (calcium compounds x concentration) 
Error B 
d. f. M.S. 
69 
2 . 2998 
6 .0292 
15 .1296 
2 1. 2636 
12 .0717 
(2) .1997 
(4) .0174 
(2) .1349 
(4) .0304 
32 . 0561 
45 
2 
6 
15 
1 
6 
(1) 
(2) 
(1) 
(2) 
15 
.3914 
.0235 
.0990 
• 2276 
.1284 
. 3.526 
.1060 
.0001 
.1026 
.0719 
"F" 
.23 
** 22.54 
1.28* 
3.56 
.31 
2.40 
.05 
.24 
3.17 
1. 79* 
4.90 
1.47 
1.43 
a 
Degrees of freedom are reduced by one for each missing observation. 
bLog transformation for M.S. values. 
cVerification of homogeneity of variance of the controls is indicated 
by three additional d.f. in Error A. 
* Significant at a = 0.05. 
** Significant at a = 0.01. 
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Table B-1 ~Continued2 
Source d.£. M.S. "F" 
Weight Class 3 
Total 43 
Whole plots 
Blocks 2 .2262 
Treatments 6 .0210 .25 
Error A 15 .0830 
Split plots 
* Harvests 1 .6054 7.45 
Harvests x treatments 6 .0452 .56 
Harvests X (control versus treated) (1) .0198 .24 
Harvests X concentration (2) .0394 .48 
Harvests x calcium compounds (1) .1004 1.23 
Harvests x (calcium compounds x concentration) (2) .0361 .44 
Error B 13 .0813 
Weight Class 4 
Total 42 
Whole plots 
Blocks 2 .3979 
Treatments 6 .0655 .33 
Error A 15 .2013 
Split plots 
* Harvests 1 .9006 7.78 
Harvests x treatments 6 .1007 .87 
Harvests x (control versus treated) (1) .0145 .13 
Harvests x concentration (2) .1610 1.39 
Harvests x calcium compounds (1) .0016 .01 
Harvests x (calcium compounds x concentration) (2) .1331 1.15 
Error B 12 .1157 
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Table B-2. Analysis of variance for deformationa,b,c 
Source d. f. M.S. "F" 
Weight Class 1 
Total 69 
Whole plots 
Biocks 2 .1060 
Treatments 6 .0776 .53 
Error A 15 .1462 
Split plots 
** Harvests 2 1.1220 13.50 
Harvests x treatments 12 .0954 1.15 
Harvests x (control versus treated) (2) .0909 1.10 
Harvests x concentration (4) .0380 .05* 
Harvests x calcium compounds (2) .2919 3.50 
Harvests x (calcium compounds x concentration) (4) .0568 • 07 
Error B 32 .0833 
Weight Class 2 
Total 45 
Whole plots 
Blocks 2 .2790 
Treatments 6 .0465 .39 
Error A 15 .1185 
Split plots 
Harvests 1 .1227 1.60 
Harvests x treatments 6 .1498 1.90 
Harvests X (control versus treated) (1) .3159 4.02 
Harvests X concentration (2) .1935 2.46 
Harvests X calcium compounds (1) .0009 .01 
Harvests X (calcium compounds x concentration) (2) .0976 1.24 
Error B 15 .0787 
a 
Degrees of freedom are reduced by one for each missing observation. 
bLog transformation for M.S. values. 
cVerification of homogeneity of variance of the controls is indicated 
by three additional d.f. in Error A. 
* Significant at a = 0.05. 
** Significant at a= 0.01. 
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Table B-2 (Continued) 
Source d. f. M.S. "F" 
Weight Class 3 
Total 43 
Whole plots 
Blocks 2 .1607 
Treatments 6 .0362 .36 
Error A 15 .1005 
Split plots 
Harvests 1 .2113 3.39 
Harvests x treatments 6 .0397 .64 
Harvests x (control versus treated) (1) .0092 .15 
Harvests x concentration (2) .0320 .51 
Harvests x calcium compounds (1) .1227 1.97 
Harvests x (calcium compounds x concentration) (2) .0214 .34 
Error B 13 .0623 
Weight Class 4 
Total 42 
Whole plots 
Blocks 2 .2449 
Treatments 6 .0793 .34 
Error A 15 .2367 
Split plots 
* Harvests 1 .5712 4.90 
Harvests x treatments 6 .0907 .78 
Harvests x (control versus treated) (1) .0176 .15 
Harvests x concentration (2) .1164 .99 
Harvests x calcium compounds (1) .0114 .10 
Harvests x (calcium compounds x concentration) (2) .1412 1.21 
Error B 12 .1170 
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Table B-3. Analysis of variance 
a b c 
for work ' ' 
Source d.£. M.S. "F" 
Weight Class 1 
Total 69 
Whole plots 
Blocks 2 .6332 
Treatments 6 .0631 .42 
Error A 15 .1516 
Split plots 
** Harvests 2 1.5159 20.00 
Harvests x treatments 12 .0924 1.22* 
Harvests x (control versus treated) (2) .3431 4.52 
Harvests x concentration (4) .0490 .06 
Harvests X calcium compounds (2) .0341 .05 
Harvests X (calcium compounds x concentration) (4) .0397 • 05 
Error B 32 .0759 
Weight Class 2 
Total 45 
Whole plots 
Blocks 2 .5226 
Treatments 6 .0196 .15 
Error A 15 .1306 
Split plots 
* Harvests 1 .3642 4.31 
Harvests x treatments 6 .1213 1.44* 
Harvests x (control versus treated) (1) .3916 4.63 
Harvests x concentration (2) .0525 .62 
Harvests X calcium compounds (1) 
Harvests X (calcium compounds x concentration) (2) .1156 1.37 
Error B 15 .0845 
a 
Degrees of freedom are reduced by one for each missing observation. 
bLog transformation for M.S. values. 
cVerification of homogeneity of variance of the controls is indicated 
by three additional d.£. in Error A. 
* Significant at a = 0.05. 
** Significant at a = 0.01. 
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Table B-3 (Continued) 
Source d. f. M.S. "F" 
Weight Class 3 
Total 43 
Whole plots 
Blocks 2 .4246 
Treatments 6 .0736 .96 
Error A 15 .0769 
Split plots 
* Harvests 1 .7923 7.00 
Harvests x treatments 6 .0898 .79 
Harvests x (control versus treated) (1) .0643 .57 
Harvests x concentration (2) .0372 .33 
Harvests x calcium compounds (1) .1784 1.57 
Harvests x (calcium compounds x concentration) (2) .1109 .98 
Error B 13 .1133 
Weight Class 4 
Total 42 
Whole plots 
Blocks 2 .5882 
Treatments 6 .0967 .53 
Error A 15 .1817 
Split plots 
* Harvests 1 1.3046 8.20 
Harvests x treatments 6 .1401 .88 
Harvests x (control versus treated) (1) .0117 .07 
Harvests x concentration (2) .2803 1.77 
Harvests x calcium compounds (1) .0007 .01 
Harvests x (calcium compounds x concentration) (2) .1338 .84 
Error B 12 .1585 
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Table B-4. Analyses of variance for shear pressure, deformation, and 
work on Harvest Date 1a,b,c 
Source d. f. M.S. "F" 
Shear 2ressure 
Total 93 
Whole plots 
Blocks 2 1.8518 
Treatments 6 .0571 .31 
Error A 15 .1825 
Split plots 
** Weight classes 3 .3202 5.93 
Treatments x weight classes 18 .0406 .75 
Error B 49 .0540 
Deformation 
Total 93 
Whole plots 
Blocks 2 1.0831 
Treatments 6 .1185 .63 
Error A 15 .1872 
Split plots 
** Weight classes 3 .6865 9.00 
Treatments x weight classes 18 .0441 .58 
Error B 49 .0763 
~ 
Total 93 
Whole plots 
Blocks 2 3.1031 
Treatments 6 .0606 .32 
Error A 15 .1888 
Split plots 
* Weight classes 3 .1699 3.07 
Treatments x weight classes 18 .0653 1.18 
Error B 49 .0554 
a 
Degrees of freedom are reduced by one for each missing observation. 
b 
Log transformation for M.S. values. 
cVerification of homogeneity of variance of the controls is indicated 
by three additional d.£. in Error A. 
* Significant at a = 0.05. 
** Significant at a = 0.01. 
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Table B-5. Analyses of variance for shear pressure, deformation, and 
work on Harvest Date za,b,c 
Source d. f. M.S. "F" 
Shear Eressure 
Total 84 
Whole plots 
Blocks 2 .2638 
Treatments 6 .0669 .39 
Error A 14 .1714 
Split plots 
** Weight classes 3 1.1498 15.98 
Treatments x weight classes 18 .0726 1.01 
Error B 41 .0719 
Deformation 
Total 84 
Whole plots 
Blocks 2 .1554 
Treatments 6 .0932 .44 
Error A 14 .2111 
Split plots 
** Weight classes 3 1.6163 17.06 
Treatments x weight classes 18 .0890 .94 
Error B 41 .0947 
Work 
Total 84 
Whole plots 
Blocks 2 .4150 
Treatments 6 .0956 .56 
Error A 14 .1723 
Split plots 
** Weight classes 3 .7428 9.29 
Treatments x weight classes 18 .0971 1.21 
Error B 41 .0800 
a Degrees of freedom are reduced by one for each missing observation. 
bLog transformation for M.S. values. 
cVerification of homogeneity of variance of the controls is indicated 
by three additional d.f. in Error A. 
** "f 0 01 Sign1 icant at a = • • 
